Introduction
During the progradation phase of an aphid infestation in winter wheat, stenophagous predators (Syrphidae, Coccinellidae, and Chrysopidae) may significantly reduce the population growth rate of the pest. Except in eastern Germany, where syrphid densities are generally very low (Wetzel et al., 1981 ) , syrphids represent approximately 80% of all stenophagous predators elsewhere in Germany (Groeger, 1992; Tenhumberg, 1992) . To understand variations in the influence syrphids have in different years and regions, the authors analyzed various aspects of their biology that may contribute to their predation efficacy. This paper reports on the interactions between aphids and syrphids in southern and northern Germany. The data of Hasken (1989) , Hilbeck (1989) , Groeger (1992) , Hasken and Poehling (1993) , Schier (1988) and B. Niehoff (unpublished data, 1993) are discussed.
Materials and methods
For the analysis, cereal fields in Lower Saxony were surveyed between 1984 and 1990 . Every 3 days, aphid and syrphid densities were estimated by counting all individuals on 100 plants per plot. To determine syrphid densities more precisely, during 1988-1990, all wheat shoots growing in a 10 cm 2 area, 12 areas per plot, were cut and transferred to the laboratory where they were examined for pre-imaginal stages, which are often overlooked in field counts. Species composition was determined by collecting syrphid larvae in the field. The larvae were reared under controlled conditions (20°C, 60-70% relative humidity) and any emerging adults were identified.
To estimate the potential predation efficiency, 3-day-old larvae were placed singly into Petri dishes (5 cm in diameter). The larvae were fed ad libitum with third-instar larvae of Metopolophium dirhodum Walker. The number of aphids consumed by each larva during successive 24 h intervals were counted. In this way the maximum voracity of syrphid larvae was investigated at four different temperatures (14, 17, 20, and 22 °C) .
Results and discussion
Six different species of Syrphidae from larvae collected in winter wheat were reared (Table 1) . Episyrphus balteatus de Geer was the most abundant species, constituting over 90% of all larvae found. For this reason, the evaluation of overall predatory efficiency was simplified by assuming that E. balteatus was characteristic of other species as well.
The potential voracity of E. balteatus larvae is very sensitive to changing environmental conditions. Depending on the temperature, a single larva may consume between 660 and 1140 third-instar aphids during larval development (Figure 1) . However, the efficiency of predators is determined also by the handling time (Holling, 1959) . Thus the estimation of consumption rates from laboratory data may lead to an overestimation of the influence of predators on the pest population dynamics. A more appropriate method is to calculate predator efficiency under "semi-field" conditions. In such experiments, the food intake can be estimated from the Holling Type III-function, which takes into account all components of handling time as well as satiation. For E. balteatus, the function is
where V N indicates the number of aphids consumed by one larva during development and N measures prey density. This formula suggests that syrphid larvae adapt their feeding rates to varying food supplies, with a maximum consumption of 396 aphids per individual (for the derivation of Equation (1) see Tenhumberg, 1994) . Syrphid larvae feed very little during the first two instars and, again, 1-2 days before pupation; at average summer temperatures nearly 70% of the total food is consumed between days 7-10 of larval life. During peak aphid densities, syrphid populations consisted mainly of individuals of peak voracity. Because younger syrphid larvae may not find sufficient food to complete their larval development during this period, females stop laying eggs in older aphid colonies (Kan, 1988) or in the presence of thirdinstar larvae (Hemptinne et al., 1993) . Thus the food intake of one third-instar larva is approximately 90 aphids per day ( (396 × 0.7)/3 = 90.2) during maximum aphid abundance. At syrphid densities between 0.02 and 0.22 larvae per shoot, each larva consumes 1.8-19.8 aphids per day ( Table 2 ). On that basis, the syrphids are expected to consume, on average, 50% of the aphids present. The impact of natural enemies is dependent on the relationship between the rate of increase of the pest population and the feeding rate of the beneficials (Bombosch, 1963) . Because aphid populations grow exponentially, syrphid larvae should achieve a greater impact on aphid population if they occur early in cereal fields. If spring weather is favorable for aphid population growth, a time lag of a few days only could be responsible for a failure of biological control.
Syrphids are well adapted to early population increase of aphids. Females deposit their eggs in or near aphid colonies, orienting themselves to the odor of aphid honeydew or cornicle secretions. From the start of oviposition, the number of eggs laid is normally positively correlated with aphid abundance (Table 3) . Because the eggs hatch after only 3 days, the predatory larvae occur soon after the beginning of oviposition. Oviposition occurs at low infestation rates, e.g. only 0.2 aphids per shoot (Chambers, 1991) . Thus, if an autochthonous population occurs in a given area a precise synchronization would be expected. Nevertheless, in northern Germany, the first larvae were found only at a density of seven aphids per shoot (average of 6 years) (Table 4 ). In contrast, in southern Germany, the first syrphid larvae were recorded at half that density, a fact which may explain the lower peak abundance of aphids there.
Apart from aphid density, the egg-laying behavior of females is influenced by other factors including temperature (Ankersmit et al., 1986) , humidity (Wahbi, 1967) , light, aphid species, and plant density (Chandler, 1968) . However, any variations in these factors cannot account entirely for the regular difference between northern and southern Germany.
The authors suggest that the timing of syrphid migration into cereals is most likely the primary cause for such a difference. Episyrphus balteatus overwinters as mated females (Gatter and Schmid, 1990) . At the end of March, the first eggs are found on the primary hosts of aphids, i.e. in hedges, forest boundaries or house gardens (Zwölfer et al., 1984; Schier, 1988) . Ankersmit et al. (1986) reported that the average generation time is approximately 45 days in spring. Thus Table 2 . Comparison of abundance of cereal aphids and syrphids during peak infestation of the pest and the voracity of the beneficials at that time. Values estimated from Holling III-function (see Equation (1) the first eggs of the second generation developing in cereals would not be expected before the second half of May. As visual inspections did not reveal the presence of aphids before the end of May, or even the beginning of June, syrphid eggs probably were laid just at the beginning of the build-up of aphid population. Accordingly the period of oviposition in southern Germany apparently begins as soon as the threshold for oviposition (0.2 aphids per shoot) is reached. In the north, a precise synchronization occurred in only 3 of 10 years. This suggests that, in accordance with aphid densities, syrphids migrated earlier into winter wheat in the south in all 6 years (1983) (1984) (1985) (1986) (1988) (1989) (1990) , but were late in the north, except in 1990 (Table 4) . The observed time lag in syrphid immigration into wheat fields between northern and southern Germany could be explained by long distance migration or alternatively by different environmental conditions. It is probable that syrphid eggs found in cereal crops are not solely from autochthonous populations. Aphidophagous syrphids migrate over long distances, especially species such as E. balteatus (Gatter and Schmid, 1990) . In autumn, these species fly to suitable hibernating sites in southern Europe or northern Africa and return to the north when flowering plants and aphids become available again in spring. Ankersmit et al. (1986) and Suter and Keller (1977) reported that, in the Netherlands and Switzerland, migrating individuals make up a very high percentage of the total syrphid population in June. If this is also true for Germany, the occurrence of syrphids in cereals in northern Germany 2-3 weeks later than in the south would be in accordance with the time adults need to cover the distance of approximately 600 km between these regions.
However, the later occurrence of syrphid larvae in northern Germany may also reflect different environmental conditions, such as increased habitat diversity or warmer spring conditions in southern Germany which favor syrphid development. The availability of hibernation sites is complemented by early flowering shrubs, which supply pollen and nectar for the adults. Therefore, early development on the primary host of cereal aphids may be of utmost importance for the yearly build-up of autochthonous populations. Furthermore, as a result of higher spring temperatures in southern Germany, plants may flower earlier. Thus, pollen needed for the maturation of the ovarioles is available earlier to females. Together with a higher developmental rate in the subsequent pre-imaginal stages, the second generation thus may occur earlier in cereals. However, even in years with similar climatic conditions, a time lag between larval occurrence in northern and southern Germany may occur (Poehling et al., 1991) . Schier (1988) .
